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Abstract: 
 Alliaria petiolata (Garlic Mustard) is a biennial alien invasive plant species of the 
Brassicacea family. It is responsible for displacing native plant species throughout North 
America and its management has proven to be extremely difficult. Recently several 
populations of Alliaria petiolata have been discovered in southwestern Lincoln, 
Nebraska. The spread of Alliaria petiolata is a concern for natural resource managers 
and the general public. Due to the difficulty of its control, Alliaria petiolata is capable of 
creating monocultures which diminish the aesthetic value of an ecosystem. While most 
commonly found in the understory of hardwood forests, it is capable of thriving in many 
different habitats and is common in disturbed areas.  
 This study was done to determine if Alliaria petiolata is moving into the Lincoln 
area and if we can expect its spread to continue. Six sites were documented with 
populations of Alliaria petiolata in the southwest portion of Lincoln, Nebraska. Each of 
these sites were visited and the life cycle of one population was documented. Several 
characteristics of each site were noted including; soil type, proximity to wetlands or 
other bodies of water, canopy cover, and proximity to trails. This data will give an idea to 
how Alliaria petiolata spreads in the Lincoln area and give us an idea as to how it got 
there.  
 A chronological monitoring of Alliaria petiolata was done at one site located near 
Sheridan Boulevard and Calvert Street along the Rock Island Trail. The study was 
conducted over the course of nine months and the entire lifecycle of one year’s 
population was recorded. Data collected at the site included; plant height, leaf width, 
amount of seedpods per plant, Amount of seeds per seedpod, and density and overall 
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cover. This information will provide an idea of how well Alliaria petiolata will succeed in 
new areas of Nebraska.    
 This information should provide an adequate template for future research of 
Alliaria petiolata in the Lincoln area and other areas where it may spread. This study will 
also show whether or not we can expect to see more populations of Aliiaria petiolata in 
the Lincoln area.  
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Introduction: 
Biology/ Description: 
 Alliaria petiolata as it is scientifically named, or Garlic mustard, is a member of 
the Brassicaceae family similar to most plants that have mustard in their common 
names. It is a shade tolerant, cool season plant native to northern Europe. It is classified 
as facultative wetland (FACW) in Nebraska (USDA PlantDataBase). It has a biennial life 
cycle and takes two different forms for each year of its life.  
The seeds from the adult plant are dispersed from late June through August and 
stay dormant in the soil until the following spring. The seeds can be carried by animals, 
water and short distances by wind. The seeds are capable of staying dormant in the soil 
for up to five years and many seeds do not germinate until their second spring. In 
February and March the seeds germinate and grow into small rosettes by April or June. 
The rosettes will have 3-4 leafs that are 5-13 cm in diameter and can reach a height of 
5-10 cm tall (Nuzzo, 2000) (Photo 1). The leaves of the rosette are dark green on the 
top and light green on the bottom; they are round with sharp serrations and are lobed 
where the leaf meets the stem. One distinguishing characteristic of rosettes are their s-
shaped tap root. Alliaria petiolata is an evergreen so the 
rosettes will continue to grow through the fall until the 
temperature reaches below freezing. The first year of 
growth gives Alliaria petiolata a head start on competing 
annual plant species.  
Photo 1: Alliaria petiolata 
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In the second year of its life cycle Alliaria petiolata grows 
into its adult form which can reach a height of 50-190 cm tall 
(Nuzzo, 2000) (Photo 2). The leaves start to become more 
triangular in shape and become less lobed, but keep their 
coloration. As the plant grows the leaves are smaller towards the 
top of the plant. This rapid growth starts in March or April and 
continues until late May or early June when it flowers. Alliaria 
petiolata is self-pollinating, but can also be pollinated by insects. 
The flowers are small and white with four petals that make a cross 
shape which is common for the Brassicaceae family.  In June the higher branches lose 
their leaves and turn into seed pods. Each pod can contain 10-20 seeds and each plant 
can have 4-16 pods (Nuzzo, 2000). The seeds continue to form until the middle of July 
when the pods start to open and the seeds are released.  
There are several plants that are commonly misidentified as garlic mustard in 
Nebraska. Some species that are commonly mistaken for the rosettes are; Pilea 
nummulariifolia (Creeping Charlie) and Viola sp. (Violets) due to their leaf shape and 
size (Photo 3). The easiest way to distinguish between Alliaria petiolata and its look-
alikes is by examining its root structure and 
determining if it is s-shaped. Some species that are 
commonly mistaken for the adult Alliaria petiolata 
plant is Nepeta cataria (Catnip) and and Geum 
canadense (White Avens) due to a similar leaf shape 
and white flowers. Nepeta cataria is smaller than most 
Photo 2: Adult 
Alliaria petiolata 
Photo 3: Alliaria petiolata 
rosette with look a likes 
Viola spp. A. petiolata P. nummulariifolia 
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adult Alliaria petiolata plants and its flowers are not four petaled nor do they make a 
cross shape. Geum canadence is also snaller and its leaves are trifoliate and its flower 
has five petals. Identification of Alliaria petiolata can be difficult, but proper identification 
of new populations is important to its control. 
Historical Habitat Range and Spread: 
 Alliaria petiolata is native to northern Europe and was first documented in the 
United States in 1868 in New York State (Nuzzo, 1993). It was brought over by northern 
European immigrants who used it to flavor foods and for its believed medicinal uses. 
While the spread of garlic mustard across the U.S. and Canada has not been extremely 
fast, when it is introduced to a new area it is capable of 
invading in a short period of time. After its initial discovery 
Alliaria petiolata moved across most of the northeastern 
states and into Canada and now it has been documented 
in 37 states and five provinces (Map 1, USDA Plant 
Database). The first 
documented sighting of 
Alliaria petiolata in 
Nebraska was in 1975 and it has now moved into 18 
counties, including Lancaster (Map 2) (Kaul, et.al. 2006).  
 Alliaria petiolata grows in similar habitats in both 
North America and Europe. It is most commonly found along fencerows and hedges in 
northern Europe as well as hardwood forests (Fitter et al. 1974), in North America it 
dominates the understory of hardwood forests and areas that have been disturbed. 
Map 2: Counties in Nebraska 
where Alliaria petiolata has been 
found 
Map 1: States and Provinces 
where Alliaria periolata has been 
found 
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While Alliaria petiolata was traditionally described as a plant of floodplains and moist 
grounds it has drastically widened its range to inhabit several different habitats. Alliaria 
petiolata prefers partially shaded areas compared to areas with full sun or full shade. 
In Nebraska, Alliaria petiolata is common along the Missouri River and adjacent 
forest floors. It has been documented as far west as Hall and Webster Counties in 
Nebraska (Kaul et al., 2006) although it is most common in counties that border the 
Missouri River. The largest population of Alliaria petiolata in Nebraska exists in 
Fontenelle Forest outside of Bellevue in Sarpy County. 
 Alliaria petiolata will grow on sand, loam and clay soils but is rarely found on peat 
or muck (Nuzzo, 2000). It can tolerate and in some cases thrives in well fertilized areas 
and has been described as a nitrophile by Passarge (1976). It prefers a soil ph range of 
5.0-7.2 (Byers and Quinn, 1998) and is less likely to be found on soils with a lower ph. If 
the proper conditions exist Alliaria petiolata can spread very quickly until it displaces 
native plant species. 
 Alliaria petiolata spreads through the propagation of multiple small populations 
also referred to as a demic pattern. When established, Alliaria petiolata spreads at a 
rate of 5.4 meters/ year in an “advance- retreat” pattern with one population increasing 
as much as 36 meters/ year and another decreasing as much as 18 meters/ year 
(Nuzzo, 1999). It has a pattern of spread which 
includes; satellite infestations, invasion fronts 
and core infestations (Figure 1). The satellite 
infestations appear first then give way to 
invasion fronts and finally connecting with core 
Figure 1 
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infestations after several years. 
 
Allelopathy: 
 Alliaria petiolata is one of many invasive plant species which produces bio-
chemicals that inhibit the growth of other plants, this phenomenon is commonly referred 
to as allelopathy. The allelopathy that Alliaria petiolata produces is moderately toxic and 
is thought to be one of the reasons that it is able to displace other plant species. The 
bio-chemicals that are thought to be responsible for the majority of plant displacement 
are called glucosinolates (Brown et al., 1991). Glucosinolates and their degradation 
products contain a class of glucose and sulfur organic ions which are produced when 
the plant cells are ruptured and the glucosinolates are hydrolyzed by the enzyme 
myrosinase (VanEtten and Tooley, 1983).  
These bio-chemicals are thought to affect the mycrorrhizae of native plant 
species, which limits their ability to gets nutrients from the soil. Plants are not the only 
organism affected by the bio-chemicals, the endangered West Virginia white butterfly 
(Pieris virginiensis) prefers to lay its eggs on Alliaria petiolata over the other native 
members of the Brassicacea family. The bio-chemicals are toxic to the developing 
larvae decreasing their success rate (Haribal and Renwick, 1998).  These bio-
chemicals, along with Alliaria petiolata’s competitive nature, allow it to cause major 
environmental and economic damage. 
Impacts: 
 Alliaria petiolata can displace native plant species causing a loss of diversity and 
creating monocultures (Nuzzo, 2000). Plant diversity is one of the key signs that an 
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ecosystem is doing well. When many species of plants exist in an ecosystem, many 
different habitats are formed which then increase the amount of organisms that can live 
in the ecosystem. Certain insects and other wildlife are deterred by Alliaria petiolata’s 
garlic-like odor and avoid it whenever possible. (Porter, 1994).  
When Alliaria petiolata takes over an ecosystem it forms a monoculture which 
creates undesirable habitats for most wildlife species. It grows in very dense clusters 
where most native plant species cannot get the sunlight or nutrients they require. Alliaria 
petiolata outcompetes tree saplings and can change the entire composition of than 
ecosystem. These dense clusters are too thick to be used as habitat for many mammals 
and birds (Nuzzo, 2000). Monocultures are also less aesthetically pleasing than 
ecosystems with a wide variety of plant species making the invaded areas less 
appealing to humans as well as wildlife. This loss of aesthetics can devalue the worth of 
the entire ecosystem in the eyes of humans.  
The forestry industry has had many issues with Alliaria petiolata due to its ability 
to limit the success of tree saplings. In states where it is particularly invasive, such as, 
Connecticut, Illinois, Indiana, Missouri, and Wisconsin, vegetation management 
guidelines have been developed to deal with the spread of Alliaria petiolata.  
 
Management/Control: 
 The control and management of Alliaria petiolata is most affective when initiated 
as early as possible. If new plants can be removed before they are able to disperse their 
seeds then the chances of Alliaria petiolata establishing a population are greatly 
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reduced. When Alliaria petiolata establishes a continuous population control and 
management methods become much more intensive and often less effective. 
Alliaria petiolata can be very hard to manage and control once it is established in 
an area. It has the ability to produce large amounts of seeds and the seeds can lie 
dormant for a long time. Its biennial life cycle makes it almost impossible to control in 
the course of just one year. Many different methods have been used in the attempt to 
control or eliminate Alliaria petiolata from invaded areas. These methods include, 
manual pulling/cutting, prescribed fire, chemical application, and the possibility of 
biological controls. Each of these different methods has a differing effect on Alliaria 
petiolata and the surrounding ecosystem. 
Manual Pulling/Cutting: 
 Manual removal of Alliaria petiolata can be done in two ways; pulling plants from 
the ground, and cutting (mowing) plants down. This is one of the more laborious 
methods of control but can also be one of the most effective and less harmful to the rest 
of the ecosystem. When pulling an Alliaria petiolata plant from the ground it is important 
to pull the root out as well because of the potential of the root to shoot up new branches 
(Nuzzo, 2000). If pulling is done before the first year’s seeds are produced then control 
and management efforts can usually be stopped. If the seeds from the first year have 
already been dispersed then it is important to monitor the site for several years until all 
generations have been eliminated and the seed bank has expired. Multiple years of 
control must occur to eliminate Alliaria petiolata from most sites no matter what method 
of control is used. 
Prescribed Fire 
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 The use of fire is usually used in cases where Alliaria petiolata has already taken 
over an area. When populations reach high numbers and large sizes the use of fire is a 
possible method. Fire has been used in Illinois but small populations still existed after 
three continuous years of prescribed fires (Nuzzo, 1996). Fire also causes damage to 
native species of plants and when not properly prescribed it can harm trees and 
animals. The use of fire may also give Alliaria petiolata an advantage to repopulation. 
Fire eliminates the majority of understory vegetation and disturbs the habitat. Like most 
invasive species, Alliaria petiolata is known to establish itself in disturbed areas. While 
fire is not 100% effective it can be used to avoid the use of other harmful control 
methods such as chemicals. 
Chemical Application 
 Chemicals have been used to control plant species for many years now. There 
are a variety of chemicals used to control Alliaria petiolata invasions. Some of the more 
effective chemicals used are; Bentazon (Basagran SG, Basagran T/O), and Glyphosate 
(Round-up, Rodeo, Accord) (Nuzzo, 2000). Bentazon is a newer chemical but has 
shown to be as effective as other chemicals and causes less harm to native species. It 
affects CO2 fixation of broad leaved plants and some sedges (Nuzzo, 1996). 
Glyphosate is not species independent and will kill most native species but is effective 
at controlling large populations of Alliaria petiolata. Other chemicals used to control 
Alliaria petiolata include; 2,4-D, and Triclopyr, both of which are harmful to native 
species as well as Alliaria petiolata. While chemical control is effective it is very 
expensive on a large scale and can also be harmful and therefore more eco-friendly 
methods need to be developed. 
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Biological Control 
 Biological controls are a common and sometimes preferred way to control 
invasive species. There are many risks associated with introducing a new species to an 
ecosystem and many studies must take place before a biological control to be used. 
One of the more common forms of biological control is the use of domesticated animals 
which graze on the invasive species. While more studies need to be conducted grazing 
is not a common form of biological control because most livestock do not like Alliaria 
petiolata’s garlic smell. Biological controls that can tolerate this smell are more likely to 
be effective. 
 In Alliaria petiolata’s native home of Europe populations are controlled by 69 
different insect species and seven different fungi (Nuzzo, 2000). The majority of 
biological control research is being conducted on four types of weevils that only lay their 
eggs on Alliaria petiolata.  Two of the weevils are shoot miners (Ceutorhynchus alliariae 
and C. robertii), one is a seed feeder (C. constrictus), and the other is a root feeder (C. 
scrobicollis) (Hinz and Gerber, 1999). The two shoot minors will mine the shoots and 
petioles of rosettes, and the larvae of the seed feeder and shoot feeder will feed on the 
seed and root respectively (Hertz and Gerber, 1999). Another insect that is being 
investigated as a possible biological control for Alliaria petiolata is the flea beetle 
(Phyllotreta ochripes), but it is not plant specific and could harm other species of the 
Bassicacea family (Hinz and Gerber, 1999). If any of these insects pass safety 
precautions they can be brought to the United States for further testing in the field.  
Literature Review 
  Research done for this thesis involved the use of many peer reviewed papers 
and internet sites about Alliaria petiolata. These papers explain many different aspects 
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involving its biology, impacts and control. Alliaria petiolata has become problem in many 
states and provinces and research into how to control its spread have been widely 
reviewed. Because Alliaria petiolata has caused both economic and ecological damage 
it is important to understand the details involving its control and spread. These 
references give an idea of how Alliaria petiolata has come to take over the forests of 
North America. 
 Victoria Nuzzo has done multiple studies involving Alliaria petiolata and several 
of her papers were used in the writing of this thesis. These papers cover a wide variety 
of issues but focus on the general knowledge of Alliaria petiolata as well as its spread 
and control. 
The control of Alliaria petiolata is an important issue and the use of chemicals is 
one of the most common methods of control. In an article by Victoria Nuzzo, “Impacts of 
Dormant Season Herbicide Treatment on the Alien Herb Garlic Mustard (Alliaria 
petiolata) and Ground Layer Vegetation”, the use of chemicals was studied to gain 
insight into the effectiveness of certain chemicals on controlling Alliaria petiolata. The 
focus of the study was to determine which herbicides were more effective at control and 
which had the least amount of impacts on native plant species. This is important 
information for developing management strategies. 
In the articles, “Invasion Pattern of the Herb Garlic Mustard (Alliaria petiolata) in 
High Quality Forests” and “Distribution and Spread of the Invasive Biennial Alliaria 
petiolata (Garlic Mustard) in North America”, by Victoria Nuzzo, the aspect of how 
Alliaria petiolata spreads on a small scale within forests was examined. This article 
looks into the pattern and spread of Alliaria petiolata to determine issues that may help 
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increase of decrease its success rate. This information is vital in determining how and 
when a species comes to dominate an ecosystem. 
In the “Element Stewardship Abstract for Alliaria petiolata (garlic Mustard)” 
Victoria Nuzzo explains the general biology, history, impacts, management, habitat and 
range of Alliaria petiolata. This information gives important details into how Alliaria 
petiolata got to North America and what is being done now that it has invaded many 
areas.  
In the article “Demographic Variation in Alliaria petiolata (Brassicacea) in Four 
Contrasting Habitats”, by Diane Byers and James Quinn, the conditions in which Alliaria 
petiolata is capable of growing and taking over are investigated. This article has 
important information regarding what types of habitats Alliaria petiolata can thrive in. 
The Plant Conservation Alliance’s Alien Plant Working Group website page 
contains information on the description of Alliaria petiolata as well as the impacts that 
this species has caused. This information is important in the identification of Alliaria 
petiolata and in getting knowledge of the problem to the public. 
Another website with valuable information on Alliaria petiolata is Wisconsin’s 
Department of Natural Resources page. This page also contains general information on 
Alliaria petiolata as well as information on what is being done in the state to stop the 
spread and minimize the damage that it can create. 
The article “Uber schleier - und Staudengesellschaften mitteleuropaischer 
Ufersaume”, by Herro Passarge, details the issues that may lead to invasions by certain 
species. The most important issue involving Alliaria petiolata in this article is how it is 
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able to thrive in areas with high volumes of fertilizer run-off. Fertilizer run-off can inhibit 
certain species and increase Alliaria petiolata’s success rate. 
The article “Seasonal and Population Variation in Flavinoid and Alliarinocide 
Content of Alliaria petiolata”, by Meena Haribol, J. Alan and A. Renwick, describes how 
certain wildlife species are impacted by Alliaria petiolata. The most important 
information from this article involves certain butterfly species laying their eggs on Alliaria 
petiolata and the eggs having a lowered success rates due to the toxic chemicals that 
are produced. 
The effects of Alliaria petiolata’s allelopathy are examined in the article 
“Glucosinolates”, by C.H. VanEtten and H.L. Tooley. This information is important in 
determining the effects of the chemicals emitted by plants like Alliaria petiolata which 
use allelopathy. The most harmful chemical emitted is a glucosinolate which can 
degrade into even more harmful chemicals. 
Another article on the allelopathy of Alliaria petiolata is “Allelochemicals produced 
During Glucosinolate Degradation in Soil”, by Paul Brown, Matthew Morra, Joseph 
McCaffery, Dick Auld and Livy Williams. This article covers further information on the 
degradation of glucosinolates and how they affect other plant species. Although it is not 
entirely known how much Alliaria petiolata’s allelopathy affects other plant species, it is 
known that these chemicals can kill the mycorrhizae which help certain plants obtain 
nutrients. 
The use of biological controls to combat Alliaria petiolata in North America are 
examined in the draft report “Investigations on Potential Biological Control Agents of 
Garlic Mustard (Alliaria petiolata)” by H.L. Hinz and E. Gerber. This is a very important 
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subject because Alliaria petiolata does not have any natural predators in North America. 
Several insect species are being researched to determine if a possible biological control 
could be used in North America to combat Alliaria petiolata. 
Two books that contained information on the range of Alliaria petiolata are; “Wild 
Flowers of Britain and northern Europe”, by R. Fitter and M. Blamey, and “Flora of 
Nebraska”, by Robert Kaul, David Sutherland and Steven Rolfsmeier . Both of these 
books detail habitats and areas where Alliaria petiolata is most commonly found.  
Methods and Materials 
 To determine the extent of the threat posed by Alliaria petiolata in the Lincoln, 
Nebraska area, the documentation and monitoring of one population recently found in 
Lincoln was conducted. Several different data sets were created including: plant density 
counts, height of plants, width of leaves, number of seed pods produced, seeds per 
seed pod, and the locations of Alliaria petiolata populations in Lincoln. Other notes were 
taken on the spread and distribution of Alliaria petiolata as well as the timing of key life 
cycle events. By combining the information gathered in the field and comparing the data 
with other information provided online and in previous papers a determination of the 
threat Alliaria petiolata represents can be made. 
 In the past two years several populations of Alliaria petiolata have been reported 
in the City of Lincoln. These sites were all visited during this study and mapped using 
GPS and GIS software. A detailed map of the primary site studied was also created 
using GIS to show the spread and density of Alliaria petiolata. A county map was made 
to show counties where garlic mustard has been found and where it could possibly be 
located using GIS. These maps will be used to show where the greatest threats of 
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invasion are located and to try and determine how Alliaria petiolata has spread into 
Lincoln, NE. 
 Several physical characteristics were monitored to determine if the Alliaria 
petiolata populations in Lincoln differed from or resembled populations in areas where it 
has become extremely invasive.  The physical characteristics monitored were; height of 
plants, width of leaves, number of seed pods produced, and amount of seeds per seed 
pod. Also the density of the population and an estimate to its total cover were taken. 
 For the height of plants, an average was calculated as well as the maximum and 
minimum height for the population. The width of leaf was also a calculated average with 
the maximum leaf width recorded as well. It is important to note that Alliaria petiolata 
has the potential of growing too many different sizes in both years of life. The 
maximums of height and leaf width along with the minimum plant height were measured 
because of the diverse amount of size differences in both rosettes and adult plants. The 
number of seed pods per plant and the number of seeds per seed pod were counted to 
determine how many seeds a population of Alliaria petiolata could produce in Lincoln. 
The physical characteristic data was then compared to previous research to determine if 
the populations in Lincoln were growing and reproducing at a level similar to populations 
of invaded areas. 
 Density counts were done by placing a meter squared plot in areas where Alliaria 
petiolata populations were located. The plot was made of PVC pipe so it was collapsible 
and easy to move. The plot points were located in core infestations where Alliaria 
petiolata numbers were at their highest. This was done to determine the potential 
impacts of an infestation of Alliaria petiolata in Lincoln, and its impacts to the native 
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plant and animal community. Every plant that was located inside the meter squared 
PVC plot was counted with an effort made to not damage any of the plants. These plot 
sites were visited throughout the study period to see how the density changed. 
 Other notes were taken on the spread of Alliaria petiolata in the study area to 
determine if the Lincoln populations had the potential for quick spread. The general 
distribution of the Alliaria petiolata population was determined as well as maps 
displaying its spread. Key life cycle events were also observed and the approximate 
date of these events were noted. These life cycle events included; appearance of 
rosettes, shooting of branches, flowering, appearance of seed pods, and when the 
seeds were released. The timing of these life cycle events is important in determining if 
a species has the potential to thrive and invade local areas. 
 The majority of data was collected at a primary site where there was the largest 
invasion of Alliaria petiolata in Lincoln, NE. This site was located along the east side of 
Rock Island Trail in Lincoln, NE between Calvert Street and Sheridan Boulevard. This 
site had several separate different populations of Alliaria petiolata and it was easily 
accessible by foot which made it an ideal study site. The data collected at this site 
includes; plant height, leaf width, density counts, timing of life cycle events and 
distribution of spread. 
 The other sites located in Lincoln were visited several times over the study period 
to observe overall growth and distribution. These sites were located at; Pioneers Park, 
Standing Bear Park, and Wilderness Park. Several habitat characteristics were studied 
at each site; soil type, estimated canopy cover and distance from possible pathways of 
spread were all documented and the results were compared to previous data in invaded 
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areas to determine if there are differences or similarities. This information will help 
determine the possibility of Alliaria petiolata invading other areas, with similar 
characteristics, in Lincoln, Nebraska. 
Results 
 The results of this study are presented in two different 
ways. The first is a description of the sites where Alliaria 
petiolata was found and the condition of each of the six sites 
(Map 3). The site descriptions give information as to where 
Alliaria petiolata is most likely to be found. The second set of 
data is the chronological life cycle of a population of plants 
located along Rock Island trail in between Calvert and 
Sheridan Streets (Map 4). The 
life cycle data provides data on 
how the species is able to invade and if certain populations 
are capable of invading. Both categories of data are 
important to determine how well a species is doing and the 
possibility of the species spreading to other areas in 
Lincoln.  
Site Descriptions: 
 These site descriptions provide information on what conditions Alliaria petiolata is 
able to thrive in Lincoln. This information is very important in determining the success of 
a species under various conditions in the Lincoln area. By describing sites where Alliaria 
petiolata is found, and sites where it is not found, it is possible to predict the conditions 
Map 3: View of sites 
with Alliaria petiolata 
in southwest Lincoln. 
Map 4: View of Rock 
Island Trail Site. 
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of future sites where Alliaria petiolata will be found. The conditions noted included; soil 
type, canopy cover, distance from water body, and distance from trail. These are 
conditions that are common to all sites and can be adapted to other sites in Lincoln. 
Pioneers Park 
 The Pioneers Park site is located near the raptor cages at latitude: 40°46’24.06”N 
and longitude: 96°46’31.51”W. The site is dominated by hardwood tree species and 
native plants. The tree canopy is dense allowing only partial sunlight through. There are 
several wetland areas in the vicinity of the site but the site itself is not in a wetland 
(NWI). The site’s soil type is Morrill clay loam which has slopes of 6 to 11 percent and is 
a deep, well-drained soil formed in loamy till with a surface layer of clay loam to 32 
inches and a loam underlying material to 60 inches.  
Alliaria petiolata was located along the trails where the landform was slightly 
concave. At the time of my visit most Alliaria 
petiolata had been pulled and all that was left 
were scattered rosettes. The rosettes grew in 
small groups off the trails. There is a pond to the 
east of the site that collects flood water. This was 
the first site visited and it had th e most control. 
By the spring of 2011, there was no sign of 
Alliaria petiolata at the site. 
Wilderness Park 
 There were several sites located in Wilderness Park and it is possible that other 
populations exist in the area. The first site was located near 1st Street and West Calvert 
Photo 4: Rosette growing at 
Pioneers Park in the fall of 2010 
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Street at latitude: 40°46’37.91”N and longitude: 96°43’21.20”W. This site was dominated 
by hardwood trees with some coniferous trees. The tree canopy here was less dense 
than other sites allowing more sunlight to penetrate. This site abuts a riparian corridor 
which flows through Wilderness Park but was not associated with wetlands. The sites 
soil type was Nodaway silt loam which has 0 to 2 percent slopes and is a deep, 
moderately well drained soil formed in silty alluvium with silt loam from 0 to 60 inches. 
 The area where Alliaria petiolata was located was a relatively flat area located 
near the trails. This site was not managed and the population slowly expanded over the 
course of the summer of 2011. The Salt Creek Old Channel runs adjacent to the site but 
is only seasonally flooded. The site had an abundant amount of native plant species 
growing around it and species diversity did not seem to change drastically. 
The second site was located along the Jamaica trail just north of Saltillo Road 
near 27th Street, at latitude: 40°42’05.55”N and longitude: 96°41’26.53”W. This site was 
dominated by hardwood trees and native plant species. The Alliaria petiolata population 
was located along the trail and had trees along the east and west side keeping the site 
partially shaded. This site abuts a small 
wetland which is seasonally flooded and 
runs along the west side of the trail. The 
soil type at this site was Nodaway silt loam 
which has 0 to 2 percent slopes and is a 
deep, moderately well drained soil formed 
in silty alluvium with a silt loam from 0 to 60 
inches.  
Photo 5: Adult Alliaria petiolata growing 
along the Jamaica trail in Lincoln. 
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 This site consisted of scattered Alliaria petiolata plants along the Jamaica Trail 
and then a denser population forming as the canopy cover increased. This site was 
found late early in the summer so the plants were mainly adults with rosettes 
dominating the forest floor. There were very few native species growing in the site and 
Alliaria petiolata had taken over the majority of the area. 
Standing Bear Park 
 The Standing Bear Park site is located at the eastern end of the park near the 
small stream that runs along the north side of the park at latitude: 40°47’20.35”N and 
longitude: 96°42’42.40”W. This site has very few trees and the areas with Alliaria 
petiolata were located in open sunlight. The surrounding vegetation consists of grasses 
and forbs with some trees to the southeast of the site location. There are no wetlands or 
floodplains at the site location but the majority 
of Alliaria petiolata was located along the man-
made stream which runs along the north side 
of the park. The soil type for this site is Urban 
land Kennebec which has 0 to 2 percent 
slopes and is a deep, moderately well drained 
soil formed in silty alluvium and consisted of 
silt loam to 60 inches. 
 The Alliaria petiolata plants at this location were scattered along both the trail and 
the stream. No continuous populations were identified at this site instead the plants 
were spread out around the northeast portion of the park. These plants seemed to be 
doing very well and a small cluster of rosettes were found to the southeast of the trail. 
Photo 6: Cluster of rosettes at 
Standing Bear Park. 
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Alliaria petiolata was not dominant at this site and there were a wide variety of grass 
and forb species growing along the stream. One interesting aspect of this site was a 
population of Alliaria petiolata found in someone’s backyard along the park.  
Col. Densmore Park 
 The Col. Densmore Park site is located to the northwest of the large baseball 
field in the park at latitude: 40°44’47.42”N and longitude: 96°42’35.53”W. This site is 
located in an archery range just east of the park boundary. The area is heavily forested 
allowing little sunlight to penetrate. There are no wetlands, floodplains or streams 
associated with this site but both the Rock Island 
Trail and the Jamaica trail are located very close to 
the park to the northeast and west respectively. The 
soil type found at this site was Kennebec silt loam, 
occasionally flooded, is a deep moderately well 
drained soil formed in silty alluvium. It has a silt loam 
layer down to 60 inches. There was not very much 
vegetation growing at the site but what was there consisted of grasses and small forbs. 
Alliaria petiolata was not very abundant at the site with only a few adult plants visible.  
Rock Island Trail 
 The largest population of Alliaria petiolata located 
in Lincoln was found along the Rock Island Trail between 
Sheridan Boulevard and Calvert Street near 33rd Street at 
latitude: 40°46’47.40” N and longitude: 96°40’27.36” W. 
The majority of Alliaria petiolata was located on the west 
Photo 6: Adult Alliaria petiolata 
with multiple shoots at Col. 
Densmore Park. 
Photo 7: Adult Alliaria 
petiolata Rock Island Trail. 
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side of the trail where there were lots of hardwood trees and few coniferous trees. The 
site had an extensive canopy cover which only allowed some sunlight through.  There 
were no wetlands or streams but flooding was observed at this site during monitoring. 
The soil type found at this site was Urban land Wymore-Aksarben complex with 2-6 
percent slopes. It is a deep, well-drained soil formed in loess and consists of silty clay 
loam to 60 inches. There was a wide variety of plant species present in the fall of 2010, 
with Alliaria petiolata growing as rosettes.  
Rock Island Trail Monitoring 
When this site was first visited in September, 2010 there were only small groups 
of Alliaria petiolata spread fairly evenly though out the understory. These small groups 
were approximately 5-10 feet in diameter and had an 
average density of 32 plants per meter squared 
(Photo 8). The groups were located in flat areas in 
between the Rock Island Trail and a large increasing 
slope with residential areas above. The small groups 
of Alliaria petiolata consisted only of rosettes and no 
evidence of adult plants were.  
The rosettes found at this site were relatively small at an average height of 9 
centimeters. They had an average leaf width of 4.5 centimeters and there were 
approximately 2-5 shoots per rosette. The rosettes were slightly lighter green than the 
surrounding vegetation and were only dominant in the small groups. The grouping and 
Photo 9: Small group of 
Rosettes in September 
2010. 
25 
 
size of the rosettes remained relatively the same from September of 2010 to April of 
2011. Over the winter the rosettes remained green but did not seem to grow any larger.  
By April 11th of 2011 the rosettes had increased in plant size, density and range. 
The rosettes reached an average height of 13 centimeters and the average leaf width 
had increased to 9.5 centimeters. Density was 
relatively the same but the average increased to 52 
plants per meter squared. The roots had also gotten 
much thicker and had started to appear in new areas. 
None of the rosettes had started showing a central 
shoot but growth was obvious.  
On April 23rd, 2011 the rosettes had grown 
larger with a central shoot appearing on most plants and an average height of 33 
centimeters tall. The leaves were starting to become triangular in shape towards the top 
with the lower leaves staying round; and had an average width of 11.5 centimeters. 
Buds had appeared on most plants and some flowers had started to bloom. The tap root 
had continued to increase in width and had started to 
lose its s-shape, instead growing straight down into 
the soil. The size of plant varied greatly with plants of 
all sizes putting up shoots. The size of second year 
plants ranged from 15 to 41 centimeters tall (Photo 
11). The average density of the groups of Alliaria 
petiolata was 64 plants per meter squared with as 
Photo 10: Rosettes getting larger 
on April 11, 2010.  
Photo 11: Central shoots of 
young adult Alliaria petiolata. 
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many as 75 plants per meter squared. 
On May 5th of 2011 all of the second year plants had central shoots and some 
larger plants had multiple shoots. They continued to increase in size and now reached a 
max height of 72 centimeters. Flowers were now found on almost all adult plants (Photo 
12). The roots of the second year plants were now in-
line with the central shoot. The leaves of both the 
rosettes and the adults had slightly increased and now 
had an average width of 12.5 centimeters. The lower 
leaves had become more triangular and the higher 
leafs continued to increase in number. The average 
density of the groups had also increased to 82 plants 
per meter squared and some of the groups had now 
connected to form large groups and were estimated to dominate 45 percent of the forest 
understory with the majority of Alliaria petiolata plants being rosettes. 
By the 9th of May, 2011the max plant height of the adults had 
increased to 107 centimeters tall and most plants had branches that 
were losing leaves and turning into seedpods (Photo 13). The 
seedpods were observed to be thin and had not started to show signs 
of seed formation. There continued to be adult plants of various sizes 
and all had seedpods. The leaves seemed to have slowed in their 
growth and had an average width of 12.5 centimeters. The rosettes of 
2011 were much larger than the rosettes of 2010 and had continued to 
increase in range and were estimated to cover 50 percent of the forest understory. The 
Photo 12: Alliaria petiolata with 
flowers on May 5, 2011. 
Photo 13: 
Seed pods  
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average density had decreased from previous visits and now averaged 56 plants per 
meter squared where adults were present. 
On the 16th of May, 2011 the adult plants had reached a max height of 130 
centimeters tall (Photo 14). The flowers had begun to fall off and give way to the 
seedpods. Seeds were now observed to be growing as small lumps in the seedpods. 
The average number of seedpods per plant was 30 and there were 12-20 seeds visible 
per seedpod. The leaves stayed relatively the same size as the previous visit and all 
leaves on adult plants were triangular. The rosettes 
continued to increase their range within the site and 
Alliaria petiolata was estimated to dominate 60 
percent of the forest understory. The average density 
of adult Alliaria petiolata at the site slightly decreased 
to 48 plants per meter squared. The average density 
of the rosettes continued to increase with as many as 
84 plants per meter squared. 
On the 20th of May, 2011 the plants appeared to slop growing in height and the 
leaf width stayed the same on the adult plants, but slightly increased on the rosettes. 
The seedpods continued to develop with the seeds 
becoming more obvious and prominent, and increasing in 
size. Some adult plants had up to five shoots with seedpods. 
The average number of seedpods per plants had increased 
to 44. The amount of seeds per seedpod remained the 
Photo 14: Adult Alliaria 
petiolata on May 16, 2011 
Photo 14: Rosettes growing 
on forest floor on May 20, 
2011 
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same with less seeds on the upper seedpods which were relatively small. The 
development of the seeds continued through May and June with little changing in the 
adult Alliaria petiolata plants. The rosettes however, continued to increase in range and 
were estimated to dominate 65 percent of the forest understory by the middle of June 
2011 (Photo 14). 
 By the 15th of July, 2011 the seedpods had started to dry out and drop their 
seeds. The adult plants had stopped all growth and were beginning to show signs of 
dying. The rosettes had now stopped spreading as well and their average density had 
remained approximately the same as the previous 
visit. The seeds were dark brown to black and were 
popping out of the seedpods which had split length-
wise. By the end of July the majority of adult plants 
had lost most of their leaves and died but the shoots 
remained. This was the end of the adult’s life cycle 
and the conclusion of the study period. 
Discussion  
 The results of this study give insight into where Alliaria petiolata is found in 
Lincoln and how its life cycle compares to other areas where it has invaded. By 
examining the conditions of the sites where Alliaria petiolata is found it is possible to 
develop predictions on other sites where it may be found in the Lincoln area. The 
chronological data recorded at the Rock Island Trail Site provides information on how 
Photo 15: Open seedpods 
on July 15, 2010. 
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well Alliaria petiolata is able to thrive in this new area. Comparing these sets of data can 
provide valuable information for future studies.  
 Several ecological conditions were recorded at each site and these were; canopy 
cover, soil type, proximity to water bodies and proximity to trails. Other notes were taken 
during the site visits that can help determine how Alliaria petiolata got to the Lincoln 
area and on what to expect at each site in the future. By finding similarities and 
differences in site conditions it is possible to determine indicators that can be used to 
find other sites where Alliaria petiolata could be located in the Lincoln area. 
 Canopy cover varied greatly from site to site but each site had at least some 
canopy cover associated with it. The sites where Alliaria petiolata seemed to do the best 
usually had more canopy cover than sites where it did not do as well. The Rock Island 
Trail Site and the Col. Densmore Park Site had the most canopy cover and the Alliaria 
petiolata at these sites seemed to have plants with more shoots and denser populations 
of Alliaria petiolata. Standing Bear Park and Wilderness Park Sites had less canopy 
cover and had fewer adult plants and more spread out populations of Alliaria petiolata. 
Canopy cover may not be the most effective indicator in locating other possible sites in 
Lincoln but some canopy cover should be present at all possible sites. 
 The soil types at most sites were very similar with the Wilderness Park, Standing 
Bear Park, Col Densmore Park and the Jamaica Trail sites having silt loam soil. The 
Rock Island Trail and Pioneers Park Sites had silty clay loam and clay loam soils 
respectively. The Web Soil Survey indicates that silt loam is a very common soil in the 
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Lincoln area. Soil seems to stay consistent through most of the sites and could be used 
as an indicator to locate other possible sites. 
 Water bodies were located in the area of several sites but none of the water 
bodies were immediately connected. There were no wetlands associated with any of the 
sites but flooding was observed at several sites. The proximity to floodplains coincides 
the FACW listing of Alliaria petiolata. While having an adequate amount of water is 
important being located near water bodies and wetlands is not necessary for Alliaria 
petiolata to grow at a site. Since none of the water bodies located near any sites were 
connected it is unlikely that water is a possible means of transportation in the spread of 
Alliaria petiolata.   
 Trails are very common throughout Lincoln and all sites were located on or near 
trails. The Rock Island trail and the Jamaica trail both had populations of Alliaria 
petiolata growing along them and come very close near the Col. Densmore site. Many 
trails run through both Wilderness Park and Pioneers Park. Human and wildlife traffic is 
common on all trails and most trails are either connected or come very close to being 
connected. It is possible that these trails were used to transport Alliaria petiolata 
throughout Lincoln but it is not likely that Alliaria petiolata was transported to Lincoln by 
way of these trails. The most likely explanation of how Alliaria petiolata got to Lincoln is 
that seeds were picked up in boots, clothes or pet hair and then brought to Lincoln. 
The Rock Island Trail and Standing Bear Park Sites both had populations of 
Alliaria petiolata growing in people’s backyards. There is a chance that the populations 
spread into the backyards but there didn’t seem to be any control being done by any of 
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the home owners even though the yards seemed to be well kept. It is possible that 
someone tried to grow Alliaria petiolata for use as an herb not knowing the impacts that 
it can create. At the Rock Island Trail Site the populations in backyards were located on 
top of a slope which makes it unlikely that the seeds were transported up hill.  
Alliaria petiolata did very well at all sites where it was not controlled which 
indicate that it is capable of doing very well throughout Lincoln. Although the rosettes 
found in the fall of 2010 were small compared to reference sizes, in 2011 it met and in 
some cases surpassed the sizes mentioned in the reference articles. The small size of 
the 2010 populations could be due to its recent introduction to the area.  
The populations of Alliaria petiolata continued to grow in total number through 
2011. This could be due to the fact that many seeds do not germinate until the second 
year in the soil. No adult plants were found at any site other than Pioneers Park, but this 
could be due to the rapid deterioration of adult plants from late July to August.  
The populations of Alliaria petiolata found in Lincoln developed slightly quicker 
than most articles reported. This is possibly due to the lower latitude of the Lincoln area 
compared to the areas studied in reference articles. The growth of Alliaria petiolata was 
first noticed in the leaves which started to grow in February and continued to grow until 
early May. The flowering shoots started to grow in April and stopped growing in early 
May (Chart 1). Because the increase in leaf width gives a relative growth rate it was 
compared to air temperature and photoperiod. The comparison of leaf width and air 
temperature showed a trend in the increase of leaf width and a warming of air 
temperature that started when the temperature increased to over 40˚ Fahrenheit (Chart 
32 
 
2). When compared to photoperiod the increase in leaf width also showed a trend 
(Chart 3). This trend was not as obvious but the majority of growth occurred after the 
photoperiod was longer than 10 hours per day. Density of Alliaria petiolata populations 
also increased from March to mid May due to the large amount of new rosettes growing 
at the site. In mid May the density started to decrease and continued to decrease until 
the end of the study period (Chart 4). This is most likely due to competition within 
Alliaria petiolata populations since the vast majority plants located in the plot were 
Alliaria petiolata. Further studies need to be done to determine if the trend between 
growth and temperature are normal or if this was a coincidence.  
Conclusion 
 This study indicates that Alliaria petiolata is doing well in the Lincoln area and 
further expansion of Alliaria petiolata in Lincoln is definitely possible. The conditions 
found at sites with Alliaria petiolata are common in the Lincoln area and further 
monitoring and investigations need to be done to make sure that Alliaria petiolata does 
not impact the area’s forests. The growth of Alliaria petiolata showed a trend with air 
temperature but a more accurate trend may be found with soil temperature. Now that it 
is known that Alliaria petiolata can thrive in the Lincoln area it is important to inform the 
public of this threat.  
 Silt loam soil, some canopy cover, proximity to trails and floodplains should be 
combined to help locate future sites in Lincoln and the surrounding area. By using all of 
these site conditions together it would be possible to determine the most likely sites 
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where Alliaria petiolata will invade. Flooded areas seem to create suitable conditions for 
Alliaria petiolata to thrive due to the disturbance they can cause. 
 The Rock Island Trail population gave a detailed look at the life cycle of Alliaria 
petiolata. The majority of growth occurred in the course of one month with some plants 
growing as much as 117 centimeters. It was calculated that Alliaria petiolata can 
produce up to 26,400 seeds per meter squared. This is a very large amount of seeds for 
such a small area of plants. By producing so many seeds Alliaria petiolata can easily 
spread in the Lincoln area. 
 Human transport is the most likely cause of the spread of Alliaria petiolata into 
Lincoln. Because most sites were located near or on trails and in people’s yards, it is 
possible that Alliaria petiolata could continue to be spread by humans if public 
knowledge is not provided. A pamphlet could be provided to explain why Alliaria 
petiolata is so invasive and that it should be treated with the respect it has come to 
deserve.  
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